Monitoring of the morphodynamic variations of the beaches associated with an estuary contiguous with Garcez Point, Bahia, Brazil, and the superposition of aerial photographs from the region, show the presence of distinctive erosive and constructive cycles of low and high frequencies. Between 1959 and 1989, one event of shoreline erosion and progradation was recognized on the oceanic beaches just outside the estuary. Inside the estuary, an erosion phase at the southern margin coincides with a constructive phase at the other side, and vice-versa. On the southern estuarine beach, low-frequency cycles of erosion and progradation are also perceived, but with the inverse trend when compared to the contiguous oceanic beach. During the beach monitoring period (February/1991 to July/1992), the oceanic beach showed retreat rates varying from 23.7 m/year, at the channel entrance, to 1.0 m/year, three kilometers away from it. During the same period, the estuarine beach advanced at a rate of 60.3 m/year. The long-term dynamics of the shoreline position in both sides of the estuarine entrance appears to be related to the position of the channel in the ebb-tidal delta.
INTRODUCTION
The estuarine system at the southwestern end of Todos os Santos Bay, between Itaparica Island and the mainland (Fig. 1) , terminates in an ebbtidal delta characterized by various submerged sand banks. Historically, the beaches associated with this region have been subjected to erosive and constructive cycles of high (seasonal) and low (decadal) frequencies. Bittencourt et al. (1990) , showed that high-frequency changes of the position of the shore-line of Caixa-Pregos beach, located at the northern margin of the main estuarine channel (Fig. 1) , are related to seasonal variations of the wave regime. These authors also show that the net longshore drift of sediment in the southern half of Itaparica Island is from NE to SW. In this study, the morphodynamic variability of the coastline at the southern margin of the estuarine channel was investigated in order to characterize the beach dynamics around and at the estuary entrance.
The estuary is part of Todos os Santos Bay (Fig. 1) , an estuarine system with an area of ap- proximately 1100 km 2 (Lessa et al. 2001) . The estuarine system is ebb-dominated, as indicated by the 4 km long ebb-tidal delta, and subdivided into two distinct segments: the Itaparica Channel, and the Jaguaripe River. While the former presents an apparently insignificant fresh water discharge because of its small catchment area, the Jaguaribe River may freshen significantly during times of high river flow, which attains maxima of more than 300 m 3 /s ( Fig.   2A ). The local climate is warm and humid, with yearly average rainfall of about 1500 mm that tends to be concentrated between April and August, as can be seen from the timing of the highest average discharges from the Jaguaripe River (Fig. 2B ).
The local ocean tidal range is 1.9 m during average spring conditions (Lessa et al. 2001) . Inside Itaparica Channel a ''tidal divide'' (meeting point for the two tidal waves approaching from the northern and southern extremes of the channel) situated about 10 km upstream from the estuary mouth ( Fig.  1 ) limits the tidal exchange between the largest part of Todos os Santos Bay, in the north, and its southwestern sector.
The atmospheric circulation is controlled by trade winds, associated with the South Atlantic highpressure cell, and the periodical advances of the Polar Atlantic Front (Santos 1962 , Bigarella 1972 , Martin et al. 1998 . NE and E winds are prevalent during the summer, whereas SE and SSE are more common during autumn and winter.
DATA ACQUISITION
Monitoring of the beach morphology on the northwest and southwest sides of Garcez Point was performed with detailed surveying of seven profiles normal to the beach (P1 to P7, Fig. 1 ), from the backshore to the low-tide water line. Between February/1991 and July/1992, 26 surveys were accomplished at each one of the profiles. The Meteorological Station of Salvador (Fig. 1) was the source of wind direction data.
Refraction diagrams for the ocean waves were produced with classical methods (CERC 1984) within a radius of 50 km from the estuary mouth, and drawn on a 1:308,000 nautical chart (DHN 1979) . Refraction calculation was based on the period and height of waves approaching the coast from NE, E, SE and SSE directions (U.S. Navy 1978), which are the directions that are most effective in mobilizing nearshore sediments along the Bahian coast (Farias et al. 1985 , Dominguez et al. 1992 , Bittencourt et al. 1997 . In order to represent the more common oceanographic conditions, it was considered that the most significant height and period for NE and E waves to be 1.0 m and 5 s, and for SE and SSE waves to be 1.5 m and 6.5 s. With these characteristics, NE and E waves would start to feel the bottom at depth of about 20 m, and the SE and SSE waves at a depth of about 35 m (King 1972) . Figure 3 shows refraction patterns for the abovementioned four wave directions and the likely net sediment transport direction induced by longshore currents. Figures 3A and 3B show that E and NE waves promote a longshore drift from Garcez point, either in the direction of profile 4 to 1, or towards profiles 5 to 7. In contrast, SSE and SE waves generate a longshore drift in the direction of all of the profiles 1 to 7 (Figs. 3C and 3D ). The determinant factor in the wave refraction patterns south of Garcez Point is the Salvador Canyon (Fig.1) . SE waves, and secondarily SSE waves, clearly diverge from the Jequiriçá River mouth due to the presence of the canyon head (Figs. 1 and 3 C, D). The rays of SSE waves noticeably tend to converge toward the monitored coastal stretch, due to the presence of a shoal at the adjacent shoreface ( Figs. 1 and 3D ). E and NE waves do not present well-defined refraction patterns because of the high angles at which they arrive at the canyon axis. Wave fronts generated by these winds do not markedly converge or diverge because of the high angles with which they approach the canyon axis (Figs. 1 and 3 A, B). A small divergence of the E and NE wave rays is observed, however, at the canyon head fronting the Jeriquiçá River. The presence of the river mouth at this location not surprisingly coincides with the apparently lowest wave energy level along this coast, since wave trains from all directions diverge from this position.
WAVE REFRACTION PATTERNS AND LONGSHORE DRIFT

EROSIVE AND CONSTRUCTIVE CYCLES OF HIGH FREQUENCY
Figures 4 and 5 represent the topographic variations observed in profiles 1 to 4 and from 5 to 7, respectively. Isopleth diagrams in these figures show vari- ations of the beach topography through time, measured from a horizontal datum that intercepts the beach prism in the backshore. Thus, differences in elevation are negative. Isopleths connect equal elevation points relative to this datum. Changes in the beach profiles are significant only in profiles 1 to 5, inasmuch as profiles 6 and 7, the farthest inside the estuary, were substantially stable during the monitoring period. Four distinct constructional -erosional phases can be distinguished in figures 4 and 5. Phase 1, from Feb. 1, 1991 to May 31, 1991, is characterized by erosion in profiles 1, 2, 3, and 4 and, although subtle, by construction in profile 5. Phase 2, from May 31, 1991 , to Sep. 12, 1991 , is characterized by a more pronounced erosional event in profiles 1, 2, 3, and 4, and by a conspicuous construction in profile 5. Phase 3, from Sep. 12, 1991 to Jan. 23, 1992 , is characterized by a constructive event in profiles 1, 2, 3, and 5, and by erosion in profile 4. Finally Phase 4, from Jan. 23, 1992 to July 23, 1992, is characterized by erosion in profiles 1, 2, 3 and 4, and by construction in profile 5. These short-lived phases are encompassed by a general erosive trend, more evident in profiles 3 and 4, and a constructive trend in profile 5 (Table I) .
LOW FREQUENCY CONSTRUCTIVE AND EROSIVE CYCLES
Superposition of aerial photographs of the estuary mouth taken at 1959, 1976 and 1989 reveals longterm changes on both sides of the estuary mouth ( Figure 6 ). An erosive phase on one side appears to correspond to a constructional phase on the other side, and vice-versa. Between 1959 and 1976, a 120 m maximum seaward displacement of the shoreline southwest of the estuary coincided with a maximum shoreline retreat of 160 m northeast of the estuary. By contrast, the 320 m maximum retreat of the southwest shoreline between 1976 and 1989 stood in contrast to the 260 m maximum construction of the northeast shoreline. Figure 6 also shows that, while apparently small changes of the shoreline occurred in the northern margin of the estuary channel, the southern margin experienced much more extensive retreat and construction of up to 240 m. In agreement with the pattern of the shoreline behavior in profiles 4 and 5 (preceding section), the erosional phase in the oceanic beach between 1976 and 1989 was concomitant with a constructional phase inside the estuary.
DISCUSSION AND CONCLUSIONS
The contrasting behavior of the beach profiles outside and inside the estuary appears to be caused by waves generated by the SSE and SE winds, which are, according to Dominguez et al. (1992) and Bittencourt et al. (1997) , those with destructive character along the coast of Bahia. These waves promote a longshore drift directed towards the estuary, as shown in figures 3C and 3D. However, profile 5, despite that drift, grows very little because the sediments that reach it are partially eroded by wave fronts coming from E and NE (Figs. 3A and B) . Furthermore, in phase 2 most of the sediments eroded in profiles 1, 2, 3 and 4 (Figs. 4B to E) by the waves generated by the SE and SSE winds (Fig. 3A) seem to be deposited in profile 5 (Fig.5B) . This is probably because the SSE winds in this phase were strongly influential (Fig. 4A) , and that the same time no waves were generated by NE winds. In phase 3 there was a near absence of highly erosive SSE winds and waves (Fig. 4A) coupled with a great incidence of NE and E winds (Fig. 4A ) that, according to Farias et al. (1985) and Dominguez et al. (1992) , generate constructive waves. That explains why there would be a construction in profiles 1, 2 and 3 in this phase (Figs. 4B to D) as a result of sediment transport from of the shoreface to the beachface. Profile 4 continues to be eroded in this phase (Fig. 4E) because, despite the lack of SSE winds, the SE winds that occur in this phase (Fig. 4A ) generate wave fronts that converge after they refract (Fig. 3C ). In these circumstances, the wave heights increase (Zenkovitch 1967 , Goldsmith 1976 , with greater erosive power, when compared to wave situation in profiles 1, 2 and 3 (Fig. 3C) . In this phase, profile 5 presents a small increase (Fig. 5B) , which must be made at the expense of sediment removed from profile 4 by the longshore drift induced by SE winds (Fig. 3C) . Profiles 6 and 7 are practically unchanged through the monitoring time, which is ascribed to the reduced longshore sediment transport inside the tidal channel. Consequently, the flux becomes rapidly saturated with sediment, which causes deposition at the recurved spit, around profile 5, of almost the entire sediment load, according to mechanism discussed by Zenkovitch (1967) .
Relatively higher instability of profiles 3 and 4 on the open coast can be related to the wave refraction pattern in the region, which tends to concentrate the energy of SE and SSE waves, in the vicinities of these profiles. Also, profiles 3 and 4 are probably more prone to erosion caused by flood tidal currents in the vicinity of an ebb-dominated estuarine mouth, as classically illustrated by the sand transport model of Hayes (1975) .
Long-term progradation and retreat of shoreline position associated with ebb-tidal deltas have been well documented (Hine 1975 , Oertel 1977 , Finley 1978 , Fitzgerald 1984 , Smith and Fitzgerald 1994 , Kana et al. 1999 . Such changes are invariably associated with entrapment, and subsequent bypass of littoral drift sediment as it crosses an estuary mouth. Sandbars form where ebb-tidal currents balance with wave-generated, landward flows. Sandbar formation starts at the updrift side because of the hydraulic groin effect imposed by the strongest ebbing tidal-currents (Fig. 7A) , favouring shoreline progradation. This temporary stockpiling of sand depletes the downdrift shoreline of sediment where erosion starts to occur. Further sediment accumulation updrift enhances downdrift shoreline erosion, enlarges the delta lobe and steers the main channel direction to downdrift (Fig. 7B) . At this point, progradation in the updrift side stops due to easier sediment bypassing. A major bypass occurs when the channel breaches through a now shallower updrift lobe (Fig.  7C) . As the bars make their way back to the shore, downdrift shoreline progradation occurs when the bars are welded to the barrier (or strandplain). At this point, there are fewer sand bars fronting the updrift shoreline, and an erosive cycle is established. Long-term shoreline changes observed around the study area (Fig. 6) would be explained by this process. Each cycle of shoreline progradation and retreat can take several years, and is regulated by the estuary tidal prism and the volume of sediment 1959, 1976 and 1989. retained in the ebb-tidal delta (Kana et al. 1999) . Inasmuch as the longest observed cycle was completed in less than 10 years (Kana et al. 1999) , we may assume that changes in the shoreline position observed in figure 6 , spanning 30 years, represent different stages of several cycles.
The closer the shoreline is to the delta, the more it is affected by the sediment-balance swing, especially because most of the sediment volume that comprises the delta recirculates within the delta itself, rather than moving downdrift (Smith and Fitzgerald 1994) , ie., towards SW. This also can explain why profiles 3 and 4, on the open coast, presented larger topographical variations.
The more stable position of the shoreline in the northeastern margin of the channel (around Cacha Pregos, Fig. 6 ) can be explained by i) its more interior, thus sheltered, position in relation to the offshore waves, and ii) to the likely more constant rates of longshore sediment transport at the updrift (NE) side of the estuary mouth. Conversely, the southwestern side is more affected by the impact of the SE and SSE waves and undergoes larger variation of the longshore sediment transport rate, which may explain the more pronounced variations of the shoreline position. With respect to the opposing shoreline trends inside and outside the estuary in the southwestern sector, there is still no clear comprehension of the processes involved, although abrupt changes in the rate of longshore drift in both sides.
Although no reliable data concerning the bathymetry, tides or tidal currents of the estuary exist, it is possible to estimate the tidal prism of the estuary by the projection of the tidal delta towards Fig. 7 -Schematic model of the morphology of an ebb tidal delta and changes in the orientation of the main channel due to the littoral drift and sediment bypass. A) sediment entrapment and growth of sand bars in the ufpdrift side favors progradation and starts erosion in the downdrift side; B) intense erosion occurs in the downdrift side due to the long-lasting entrapment of sand in the updrift side, which forces the channel to be steered to the south and interrupts progradation in the updrif side; C) the channel breaches through the northern side of the delta lobe and sediment is bypassed to the downdrift side, which starts a new progradational cycle. Erosion starts to occur in the updrift side until new sand bars are formed and more sediment is captured (modified of Hayes 1975) .
the ocean. Vriend et al. (1994) , showed that a reasonable correlation exists between these two variables, and that the maximum projection of an ebbtidal delta (Pr) could be calculated by the product 0.044 × P 0.6 , where P is the tidal prism. Knowing that the delta is projected about 4 km seawards from the coastline, the tidal prism would then be close to 1.8 × 10 8 m 3 . This value gives a tidal discharge that is more than 20 times larger than the highest measured discharge from the Jaguaripe River (363 m 3 /s), or 600 times the average river discharge ( Fig. 2A) 
